The behavior of nuclear pre-mRNA-binding proteins after their nuclease and/or salt-induced release from RNA was investigated. After RNase digestion or salt extraction, two proteins that initially exist as tetramers (A2) 3 B1 in isolated heterogeneous nuclear ribonucleoprotein (hnRNP) complexes quantitatively reassociated to form regular helical filaments ranging in length from 100 nm to Ͼ10 m. In highly magnified preparations prepared for scanning transmission electron microscopy, single filaments have diameters near 18 nm. In conventional negatively stained preparations viewed at low magnification, the diameters of the thinnest filaments range from 7 to 10 nm. At protein concentrations of Ͼ0.1 mg/ml, the filaments rapidly aggregated to form thicker filamentous networks that look like the fibrogranular structures termed the "nuclear matrix." Like the residual material seen in nuclear matrix preparations, the hnRNP filaments were insoluble in 2 M NaCl. Filament formation is associated with, and may be dependent on, disulfide bridge formation between the hnRNP proteins. The reducing agent 2-mercaptoethanol significantly attenuates filament assembly, and the residual material that forms is ultrastructurally distinct from the 7-to 10-nm fibers. In addition to the protein rearrangement leading to filament formation, nearly one-third of the protein present in chromatin-clarified nuclear extracts was converted to salt-insoluble material within 1 min of digestion with RNase. These observations are consistent with the possibility that the residual material termed the nuclear matrix may be enriched in, if not formed by, denatured proteins that function in pre-mRNA packaging, processing, and transport.
INTRODUCTION
When nuclei are extensively digested with DNase and RNase and extracted with high-salt solutions, an insoluble residue remains that retains the gross architecture of the nucleus (reviewed by Pederson, 1998 Pederson, , 2000 . The residue, termed the "nuclear matrix," represents a small percentage of the total nuclear protein mass, but it is very heterogeneous in protein composition (Hodge et al., 1977; Staufenbiel and Deppert, 1983; Kuzmina et al., 1984) . The major proteins present in the residue are the nuclear lamins, proteins that constitute elements of the metaphase chromosome and interphase nuclear scaffold, nuclear envelope and pore complex proteins, and numerous proteins associated with heterogeneous nuclear ribonucleoprotein (hnRNP) complexes (as discussed and referenced by Pederson, 1998) .
Among the numerous other proteins present in the residual material are those that have been hypothesized to form a fibrous network or fibrogranular complex (Berezney and Coffey, 1977; Kaufmann et al., 1981; Gallinaro et al., 1983) . On the basis of various experimental observations it has been suggested that the matrix functions in interphase nuclei to bind DNA and organize chromatin (Basler et al., 1981; Brasch and Peters, 1985; Nickerson et al., 1997) , that actively transcribing genes and nascent transcripts are associated with the matrix (Mariman et al., 1982; Robinson et al., 1983; Jost and Seldran, 1984) , that hnRNA processing is dependent on a transient association of nascent transcripts with the matrix (Herman et al., 1978; Ben-Ze'ev and Aloni, 1983) , that RNA transport occurs via matrix-mediated events (Baglia and Maul, 1983) , and that DNA replication occurs at sites where the DNA is associated with elements of the nuclear matrix (Dijkwel et al., 1979; Smith and Berezney, 1980) . The fibrogranular appearance of the insoluble residue underlies the idea that a continuous salt-insoluble fibrous network (distinct from pre-mRNP fibrils and chromatin) exists in inter-phase nuclei. This network is thought to have functional similarities to intermediate filaments and the cytoskeleton but to possess a dynamic role in nuclear events.
The postulated properties of the nuclear matrix imply that it is both a regular structure formed by the self-assembly of one or more unique structural proteins but that it is composed mostly of nucleic acid-binding proteins. Only occasionally has attention has been paid to the solubility characteristics of the abundant nonchromatin proteins, or to the potential for protein aggregation and rearrangement during nuclear isolation, RNA removal, and exposure to salt at Ͼ150 mM and to detergents (Kaufmann and Shaper, 1984; Kaufmann et al., 1986; Mirkovitch et al., 1984; Small et al., 1985; Kirov and Tsanev, 1986) . In this paper we report that the conditions typically used to generate the nuclear matrix induce specific hnRNP rearrangements leading to the formation of salt-insoluble filaments that ultrastructurally resemble the filaments observed in nuclear matrix preparations. In addition, nuclease digestion alone in low salt rapidly converts 20 -30% of the soluble nuclear proteins into salt-insoluble filaments and fibrogranular networks. These observations do not preclude the existence of a salt-insoluble filamentous network in nuclei but suggest that its presence may not be indicative of the existence of similar structures in vivo. The acquired insolubility of hnRNP and other proteins after removal from their endogenous substrates may also result in the trapping of numerous enzymatic activities and nucleic acid fragments within the residual network. These results add to previously discussed methodological issues that have led to a degree of skepticism regarding the existence an interphase nuclear matrix in vivo (Zakian, 1985; Pederson, 1998 Pederson, , 2000 .
MATERIALS AND METHODS

Nuclear Matrix Preparation, hnRNP Isolation, and hnRNP Filament Formation
For electrophoretic comparison of nuclear matrix fractions in the presence and absence of reducing agent, matrix was prepared from isolated HeLa S3 nuclei following the procedures of Gallinaro et al. (1983) , from rat liver nuclei as described by Berezney and Coffey (1977) , and from mouse erythroleukemia (MEL) nuclei as described by Long et al. (1979) .
HeLa cell hnRNP complexes were isolated from exponentially growing cells in suspension culture as described previously . Fractions containing essentially pure nuclease-dissociated or salt-dissociated hnRNPs A2 and B1 were prepared as described by Lothstein et al. (1985) . Initially, RNA-dissociated proteins were allowed to spontaneously form filaments either at 4°C in sucrose gradient fractions containing STM buffer (90 mM NaCl, 10 mM Tris-HCl, pH 8, and 1 mM MgCl) or in STM buffer (after dialysis to remove sucrose). More rapid and quantitative yields of filaments were obtained by overnight dialysis at 4°C against STMM buffer (90 mM NaCl, 10 mM Tris-HCl, pH 8, and 5 mM MgCl) or in 10-fold dilute STMM buffer (0.1ϫ STMM) after an additional 2-h dialysis at 27°C. In routine preparations, gradient fractions containing proteins A2 and B1 (1-3 ml) were dialyzed against 1 l of the above STMM buffer. In some cases, 0.2 or 2.0% (vol/vol) 2-mercaptoethanol was included in the diluted STMM buffer during dialysis.
To determine whether high-salt insoluble RNP rearrangement and/or aggregation can occur instantaneously upon RNA digestion, isolated HeLa packed nuclei from 2.5 ϫ 10 9 cells (1.8 ml) were brought to a volume of 3.6 ml with STM buffer and exposed at 0°C to four 10-s burst of ultrasound at 50 W. Chromatin was removed by centrifugation for 10 min at 9500 rpm in a Sorvall HB-4 rotor (Becton Dickenson, Palo Alto, CA). The Mg ϩϩ concentration of the chromatin-clarified nuclear sonicate (histone free) was brought to 5 mM by adding 1.0 M MgCl 2 . RNase A was added (to 65 g/ml) to the concentrated nuclear sonicate, and this preparation was incubated at 37°C for 15 min. Turbidity was noted after 30 s, and samples were taken for electron microscopic examination. After an additional 30-s period, solid NaCl was added slowly with stirring to a final concentration of 2.0 M. After 30 min an aliquot was taken for ultrastructural analysis. Insoluble material was collected via centrifugation. The soluble protein was precipitated with alcohol, and both were prepared for SDS-PAGE.
For electron microscopic examination, either the grids were prepared by floating them on the surface of a drop of the sample and then subsequently stained with uranyl acetate as described previously (Lothstein et al., 1985) , or the grids were allowed to float for 1 min on samples that had been fixed for 5 h in 0.1% glutaraldehyde and then allowed to float for 1 min on a 1% solution of ammonium molybdate or uranyl acetate and finally air dried.
Effect of Solvent and Temperature on Filament Stability
To observe the effects of high-salt, reducing agent, and additional nuclease activity on filament stability, filament preparations were treated with the conditions used to generate rat liver nuclear matrix (Berezney and Coffey, 1977) . After dialysis of filaments overnight at 4°C against 10 mM Tris-HCl, pH 7.4, and 0.2 mM MgCl 2 , solid NaCl was added at room temperature with stirring to a concentration of 2.0 M. An aliquot was taken for ultrastructural analysis 3 h later. This preparation was then dialyzed overnight at 4°C against two changes of 10 mM Tris-HCl, pH 7.4, and 0.2 mM MgCl 2 , and an aliquot was taken for electron microscopy. Next, 1.0 M MgCl 2 and 10% Triton X-100 were added to final concentrations of 5.0 mM and 1%, respectively. After overnight dialysis against two changes of 1 mM Tris-HCl, pH 7.4, and 5 mM MgCl 2 , DNase 1 and RNase A were each added to a final concentration of 200 g/ml, and the sample was incubated for 1 h at 22°C. Any remaining filaments were then collected by centrifugation for 15 min at 10,000 rpm in a Sorvall HB-4 rotor. In separate experiments, filaments were equilibrated in 0.1ϫ STMM and then exposed to 1.0 M salt by the addition of solid NaCl. After 3 h of stirring, samples were taken for ultrastructural examination, and filamentous and soluble protein species were separated and determined as above.
The effect of elevated temperature on filament composition and stability was investigated by placing suspensions of filaments, in 0.1ϫ STM buffer, in a small plastic microfuge tube and incubating for 15 min each at successive 10°intervals between 30 and 70°. After each incubation, specimens were prepared for electron microscopy. Filamentous and soluble protein was determined as above.
To determine the effect of pH on filament stability, a suspension of filaments was split into eight equal aliquots and dialyzed separately against 10 mM NaCl, 10 mM Tris-acetate, and 5 mM MgCl 2 buffered to various values over the range of pH 3-10. After overnight dialysis, aliquots were prepared for electron microscopy, and, after centrifugation, protein in the pellet and supernatant was prepared for electrophoresis. In an attempt to dissociate the filaments with urea, a filament preparation, previously equilibrated in 0.1ϫ STMM, was made 6.2 M in urea. After 2.5 h of gentle stirring at room temperature, an aliquot was taken for ultrastructural analysis, and soluble and insoluble protein was determined as above.
Protein Reduction and RNA and Protein Electrophoresis
In the efforts described above to solubilize the RNP filaments, no reducing agent was present in the various buffers used. To investigate the effect of reducing agent on filament solubility, filaments were equilibrated in 0.1ϫ STMM containing 2% (vol/vol) 2-mercaptoethanol. This preparation was allowed to stand 5 h at 23°C with occasional agitation. Filament preparations were also dialyzed against a high-salt EDTA buffer (1.0 M NaCl, 10 mM Tris-HCl, pH 8, and 5 mM EDTA). Ultrastructural analysis and determination of soluble and insoluble protein were preformed as described above.
When recovery of disulfide-linked proteins from gel slices was desired, bis-acrylylcylstamine was substituted for bis-acrylamide, and polymerization was catalyzed by illumination after riboflavin and N,N,NЈ,NЈ-tetramethyl-ethylenediamine were added to final concentrations of 18.5 M and 0.17%, respectively. Coomassie bluestained bands were excised from the bis-acrylylcylstamine crosslinked gels and placed in 40 l of fresh 2-mercaptoethanol. Then, 160 l of 0.15 M NaCl, 50 mM Tris-HCl, pH 7.5, and 5 mM EDTA were added. To dissolve the gel slices, these preparations were then titrated with 10 M NaOH to pH 8. After the gel slices were completely dissolved, 500 l of 0.15 M NaCl, 50 mM Tris, and 5 mM EDTA were added, and the sample was centrifuged 10 min at 9000 rpm in a Sorvall HB-4 rotor to pellet the protein. Before electrophoresis, protein recovered from gels in this way and also some of the nuclear matrix preparations were aggressively reduced in 2% 2-mercaptoethanol in boiling water for 2 min and then loaded on standard SDS-PAGE as described elsewhere .
RESULTS
Our studies on hnRNP filament formation during isolation and manipulation arose from a set of observations on the effects of salt and nuclease on nuclear extracts enriched in crude hnRNP complexes and on purified 40S hnRNP monoparticles. Intact hnRNP monoparticles sediment broadly around a peak centered at 40S and are composed of multiple copies of six major proteins that appear to exist as three sets of tetramers, (A1) 3 B2, (A2) 3 B1, and (C1) 3 C2 (McAfee et al., 1997) . A fragment of pre-mRNA near 700 nucleotides in length is packaged in each 40S monoparticle . hnRNP complexes, which are not exposed to nuclease, sediment as polyparticle complexes (from a dimer peak centered at ϳ60S to complexes containing six to eight particles that sediment near 300S (McAfee et al., 1997) . The basic A and B group proteins dissociate from RNA at 150 mM NaCl (Beyer et al., 1977) . The spontaneous appearance of filaments in sucrose gradient fractions containing these saltdissociated proteins prompted the studies described here.
hnRNP Filament Formation Is Associated with Disulfide Bridge Formation
In this study we report that hnRNP filament formation is more efficient at 25°C than on ice and that dialysis against STM buffer containing elevated magnesium ion contributes to filament assembly. At high protein concentrations, evidence of filament formation can be seen as turbidity within seconds after nuclease addition. If hnRNP complexes are not exposed to dissociating salt concentrations or to RNase, filaments are not observed.
Gel electrophoresis of SDS-solubilized filaments collected by brief centrifugation reveal proteins A2 and B1 in the same 3:1 molar ratio as in intact hnRNP complexes (Figure 1) . However, upon filament formation two additional bands appeared in gels at ϳ68 and 70 kDa. As filament preparations aged in solution, the 68-and 70-kDa bands increased in relative concentration. To determine whether the 68-and 70-kDa bands result from sulfhydryl oxidation, mercaptoethanol was increased to 2%, and the samples were heated in boiling water for 2 min before electrophoresis. This led to the disappearance of the 68-and 70-kDa bands in SDS-PAGE (Figure 1) .
To determine the protein composition of the putative dimer bands, the latter were excised from gels and reduced as described in MATERIALS AND METHODS. The 68-kDa band yielded only A2, and the 70-kDa band yielded both A2 and B1 (Figure 1) . Thus, disulfide-linked dimers of A2-A2 and A2-B1 form upon filament assembly. Sulfhydryl crosslinked protein is not detected in hnRNP preparations unless the proteins are dissociated from RNA via nuclease or by salt extraction. The 70-and 68-kDa disulfide-linked bands migrate in gels near the lamin bands A and B present in standard preparations of nuclear matrix.
Filament Insolubility
Proteins A2 and B1 dissociate from isolated hnRNP complexes at 0.15 M NaCl (Beyer et al., 1977) , and the majority but not all of these proteins can be recovered from isolated nuclei by extensive extraction at this salt concentration (LeStourgeon et al., 1978; Peters and Commings, 1980) . Upon filament formation, these proteins cannot be solubilized in 1.0 or 2.0 M salt over the pH range of 3-10 or at temperatures as high as 70°C (Figure 2 ). Filaments were also not solubilized after 4 h at 23°C in 2% 2-mercaptoethanol or by overnight dialysis against an EDTA-containing high-salt buffer (1.0 M NaCl, 10 mM Tris-HCl, pH 8, and 10 mM EDTA) (Figure 2) . Thus, although magnesium ion and oxidation favor filament assembly, once formed, they cannot be dissociated by reducing agent or metal ion chelators.
Ultrastructural Features of Matrix-like Complexes
At high magnification, single filaments formed at low protein concentration from gradient-purified proteins A2 and B1 appeared highly regular and were of indeterminate length (Figure 3, A and B) . Filaments prepared for scanning transmission electron microscopy (STEM) ( Figure 3B ) had a diameter of 18 nm and displayed a helical appearance with a pitch of ϳ60 nm. A precise value for the pitch was complicated by filament flexibility and the appearance of filament stretching. In high-resolution STEM micrographs of filaments stained with ammonium molybdate, there were suggestions of a central fiber about which globular units are wrapped in a spiral manner ( Figure 3B ).
Filaments that formed from purified A2-B1 preparations or by brief dialysis against 0.1ϫ STMM or by allowing sucrose gradient fractions to stand overnight at 4°C frequently revealed spherical complexes of A2-B1 associated with the filaments, often at regular intervals ( Figure 3A ). This phenomenon may contribute to the granules or globular structures seen associated with aggregates that formed at higher protein concentrations.
Filaments that formed at increasing protein concentration or by dialysis at 27°C showed extensive aggregation into thicker fibers and a more amorphous fibrogranular or matrix-like structure. Occasionally, in preparations at low protein concentration, the spiral nature of the filaments could be observed ( Figure 5 ) with diameters of ϳ7-10 nm (denoted by arrows). Presumably these filaments are synonymous with the single filaments shown in Figure 3 . The difference in apparent filament diameter can only be attributed to differences in sample preparation, sucrose concentration, and staining procedures. Globular complexes ranging from 20 to 50 nm embedded within the matrix-like structure were more frequently observed at higher protein concentrations ( Figure 4B ). This was true whether the starting material was pure A2-B1 ( Figure 4AB ) or isolated 40S hnRNP monoparticles ( Figure 4C ). At higher protein concentrations the filaments are thicker, spiral filaments are not observed, and more extensive branching is apparent. This indicates that two or more filaments associate for various distances along their long axis.
Nuclease-induced Nuclear Protein Insolubility
When RNase was added to chromatin-clarified nuclear sonicates at 37°C, the preparation became turbid within 20 -30 s.
This phenomenon indicates the occurrence of protein rearrangement, denaturation, and aggregation. To determine whether salt-insoluble RNP complexes and filaments contribute to the turbidity observed, NaCl was added to 2.0 M, an aliquot was taken for ultrastructural examination, and the insoluble material was collected for protein analysis. Approximately 20 -30% of the soluble protein present in nuclear sonicates was rendered insoluble in 2.0 M salt after nuclease digestion. The protein composition of the insoluble and soluble material was essentially the same ( Figure 5 ). Electron micrographs of the salt-insoluble material revealed large amorphous networks of precipitated material in which individual filaments could not definitively be identified (Figure 6 ).
In the above case in which ϳ30% of the proteins present in a nuclear sonicate was rapidly converted to salt-insoluble material, no enrichment of A2 and B1 was observed in the residue ( Figure 5 ). However, if crude nuclear sonicates were briefly digested with ribonuclease and then dialyzed overnight against dilute STM, the insoluble material remained heterogeneous in protein composition, but proteins A2 and B1 were the major proteins present. This indicates that filament formation can continue to occur from soluble hnRNP pools. In nuclear sonicates incubated at 30 -37°C in the presence of high magnesium, significant levels of protease activity can be detected. This is the likely source of the bands positioned below A1 in Figure 2 , lanes 1 and 2. This is also likely to be the explanation for the loss of A1, C1, and C2, because these proteins have been shown to be especially labile to protease activity (Lothstein et al., 1985) . . Electron micrographs (low magnification) of filaments formed by dialysis of A2 and B1 preparations against 0.1ϫ STMM buffer. Initial protein concentrations were near 0.1 mg/ml (A) and 0.2 mg/ml (B). Bars, 500 nm. Note increasing filament anastomosis, aggregation, and globular particle formation at higher protein concentrations. (C) Salt-insoluble material formed upon RNase digestion of concentrated 40S hnRNP particle preparations in 0.1ϫ STMM buffer. The thinner fibers in A are 7-10 nm in diameter. At higher protein concentration most fibers fall in the diameter range of 10 -20 nm. Bar 100 nm. The insoluble material formed from purified proteins A2 and B1 in the presence of 2% mercaptoethanol was an irregular thick branched or overlapping aggregate fibrillar network (Figure 7 ), and filaments with diameters near 10 nm could not definitively be identified. This may parallel the reduced levels of disulfide cross-linked A2-A2 and A2-B1 dimers formed in the presence of reducing agent (Figure 2 , compare lanes 3, 5, and 7).
HnRNP in Reduced Nuclear Matrix Preparations
Although the major hnRNP proteins are known to be significant components of nuclear matrix preparations (Comings and Okada, 1976; Peters and Commings, 1980; He et al., 1991; Pederson, 2000) , it was of interest in this study to examine the extent of hnRNP oxidation and aggregation in various matrix preparations. In Figure 8 , the Coomassie blue-stained bands in lane 1 are from a typical preparation of HeLa cell 40S hnRNP particles. Lanes 2-4 show the proteins present in partially reduced matrix preparations from rat liver, MEL cells, and HeLa cell nuclei. Lanes 2Ј, 3Ј, and 4Ј show the same fractions solubilized and resolved in the absence of mercaptoethanol. The absence of bands corresponding to the major hnRNPs in nonreduced samples indicates that these proteins probably exist as oxidized and aggregated material in typical matrix preparations.
DISCUSSION
The salt-insoluble matrix-like filaments reported here do not form spontaneously in nuclear extracts containing hnRNP complexes or in preparations of purified hnRNP core particles. Insoluble filament formation is dependent on dissociation of the hnRNPs from their pre-mRNA substrate either by 150 mM salt or by nuclease activity. The disulfide-linked dimers of A2-A2 and A2-B1 recovered from filaments also do not exist before the formation of insoluble filaments. This phenomenon seems directly related to the finding that nuclear matrix could not be isolated if sulfhydryl blocking reagents were present during all steps of matrix preparation (Kaufmann and Shaper, 1984) . As in nuclear matrix preparations, hnRNP filament formation is enhanced in the pres- . The samples in lanes 1-4 were solubilized in standard SDS sample buffer containing mercaptoethanol. Matrix samples 2Ј, 3Ј, and 4Ј are the same as those in lanes 2-4, but no reducing agent was present in the electrophoresis sample buffer. Lane F shows the proteins in an hnRNP filament preparation. The oxidized dimers of A2 and B1 are noted in lanes 4 and F. In the nonreduced samples (lanes 2Ј, 3Ј, and 4Ј) significant amounts of protein were trapped in the 3% stacking gel (our unpublished observations).
ence of magnesium. At hnRNP protein concentrations near or Ͼ0.1 mg/ml the filaments aggregate to form fibrogranular structures that very closely resemble published images of the nuclear matrix (He et al., 1990 (He et al., , 1991 . Whether nuclear matrix is generated by nuclease digestion or by salt-only extraction, the ultrastructural appearance of the fibrogranular complexes appears similar (Capco et al., 1982; Fey et al., 1986) . This is also true for the hnRNP filaments that formed in this study. In previous characterizations of nuclear matrix, spiral filaments have not been reported. However, as reported here, spiral filaments were only observed when prepared from purified A2 and B1 at low protein concentrations. Spiral filaments were not observed in the matrix-like complexes that rapidly formed at higher protein concentration or from more heterogeneous nuclear extracts. Filaments like those described here were previously observed in nuclease digests of RNP complexes from Triturus oocytes and were interpreted to be elements of a nuclear matrix (Kloetzel et al., 1982) .
Although the above observations do not preclude the existence of an in vivo interphase nuclear matrix composed of salt-insoluble components, several related findings suggest that some of the fibrogranular material described as matrix is of hnRNP origin. For example, in metabolically active cells in tissues or in rapidly dividing cells in culture, the hnRNPs are major nuclear constituents (Dreyfuss et al., 1993) . In rapidly dividing HeLa cells there is approximately as much of the individual A1, A2, and C1 proteins as there is individual histone species (LeStourgeon et al., 1990) . Perhaps more significantly, nuclear matrix cannot be prepared from the nuclei of transcriptionally inactive cells (deficient in hnRNP) by conventional means (LaFond et al., 1983) . These investigators also observed that the sulfhydryl cross-linking reagent sodium tetrathionate was only effective in stabilizing salt-resistant nuclear networks in metabolically active cells. The apparent absence of hnRNP observed here in nonreduced matrix preparations is consistent with this observation and with the findings of Kaufman and Shaper (1984) mentioned above. Although gold bead immunolabeling with a monoclonal antibody has been used to localize the core hnRNPs to the globular material in matrix preparations and not to the fibrous material (He et al., 1991) , the highly specific rearrangement and oxidation leading to hnRNP filament assembly could mask the determinant for a monoclonal antibody.
High-salt insolubility is a defining property of nuclear matrix. As observed here, not only do the conditions used to generate nuclear matrix induce the formation of matrix-like filaments from hnRNP, but they also render 20 -30% of the protein present in concentrated nuclear extracts insoluble in 2 M NaCl. Thus, high-salt insolubility after experimental manipulation may not adequately reflect the solubility properties of proteins in vivo, and, as shown by others (Kirov et al., 1984; Mirkovitch et al., 1984; Small et al., 1985) , it is likely that a wide range of enzymatic activities become artifactually associated with the residual material. In the studies of Mirkovitch et al. (1984) , glutaraldehyde prefixation was used to prevent protein rearrangement, with the result being an inability to isolate matrix complexes. This would be expected if the conditions for matrix isolation involve hnRNP rearrangement and the oxidation of thiol groups. In a more recent study, formaldehyde (a short-distance cross-linker) was used to stabilize matrix before nuclear extraction (Nickerson et al., 1997) . Because chromatin could be removed via DNase without removal of the cross-linked material, these investigators argued for the preexistence of a separate fibrogranular nuclear matrix. This finding prompted the suggestion that nuclear matrix exists before salt extraction and that it makes few contacts with chromatin. However, this would be expected if hnRNP fibrils are a source of matrix, because each hnRNP fibril has but one noncovalent association with DNA in the transcription complex Beyer and Osheim, 1990) .
